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Abstract. The purpose of the article is to detect crop production on agricultural enterprises clusters at a price by 
defining their amplitude of price fluctuations. Methodology. The study is based on grouping of statistical data from 
agricultural enterprises using cluster analysis, followed by reliability evaluation of pre-selected clusters by t-test and 
charting the scope by the selected index. Cluster analysis of agricultural enterprises in Ukraine has been conducted 
using "STATISTICA" program. Distance between clusters was calculated as the Euclidean distance. The object of the 
study was data on the prices for agricultural enterprises by regions of Ukraine in 2013. As a result, an appropriate 
number of groups according to the produce types in the regions of Ukraine, plane in market prices, have been 
determined. The process of consistent combination of objects in clusters is shown in the graphs as agglomerative 
clustering dendrogram of the regions of Ukraine for such products as wheat, grain corn and sunflower seeds. In 
general, there have been examined: 7311 businesses growing wheat, 5034 - growing corn and 6124 companies 
growing sunflower. Results. During a year-long study of price fluctuations in agricultural enterprises within regions of 
Ukraine similarities in nature of absolute and relative changes in the formed clusters were established. Four clusters 
on wheat, five clusters on corn, three clusters on sunflower seeds have been allocated during the study. The study 
of the selected groups confirms significant differences between them and allows the sectors and enterprises of the 
cluster with high variability of prices to build their own marketing strategy based on the position of expectations 
and search for sale options according to the most favorable price. Practical value. The established differences on 
the selected clusters make it possible to forecast the price situation in various regions of Ukraine in terms of its 
differences from average by clusters for each product. Accordingly, it will enable specific producers to define the 
marketing strategy for pricing in the region for each product. Value/originality.JUe data on groups of growing crops 
permit to select forecast marketing strategies or rapid sale according to the prevailing prices. 

Key words: cluster analysis, agricultural enterprises, crop products, price, the price of clusters, t-criterion, magnitude 
chart, standard errors, significance level. 
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1. Introduction 

The problem of choice of the most typical objects 
for study with the purpose of a detailed analysis, which 
is always urgent, requires the use of modern methods 
and techniques. One of the most effective and quite 
popular methods today to search for patterns of market 
conditions formation is the method of cluster analysis 
that allows classifying mixed statistical sets. Its main 
advantage is the ability to unite disparate objects on 
one or more indicators into groups (clusters). Cluster 
analysis is an inductive method of research used to 
classify objects. As the objects are difficult to distribute 
into groups, it is appropriate to make calculations by an 
agglomerative hierarchical clustering method that is a 
consistent association of closest objects in one cluster. 

The use of cluster analysis in economics is widely 
discussed in the works of such scholars as P.L. Gordienko 


(2008), I.M. Pistunov (2008), O.M. Tyshchenko 
(2010), and others. 

Based on the above, we can formulate a research 
problem which is to identify clusters on the crop 
production market at a price that will allow selecting 
marketing strategies of expectations or rapid sale at 
prevailing prices for the period. 

2. Clustering of agricultural enterprises 
according to wheat price 

In 2013, 7311 agricultural enterprises in Ukraine 
received revenue from the sale of wheat; they were 
divided into 4 clusters by the selling price (Figure l). 
The selected groups have no territorial binding, and are 
formed based on the characteristics of the market. It 
has been found out that despite similar average values 
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within the clusters themselves, they have different 
levels of variability and standard deviations from the 
average value (Figure 2). The first of these clusters 
that includes 3842 economic entities of the corporate 
sector (52% of the total) from 10 regions -AR Crimea, 
Donetsk, Luhansk, Chernihiv, Kharkiv, Mykolaiv, 
Dnipropetrovsk, Odesa, Kherson, Kyiv, has average 
price of 1406.2 UAH., and intra group variation was 
226.8 UAH. 

In the second of the selected clusters which 
includes 1,489 enterprises in Zhytomyr, Zaporizhzhia, 
Kirovohrad and Cherkasy regions, the average price 
is the highest- 1440.8 UAH. / t with significant 
standard deviation at 284.5 UAH, that is 20.3% of the 
average price. 

On the diagram cluster 1 differs by the hight of the 
rectangle and the length of straight lines - standard 
errors. In establishing the difference between the 
average values of the first and second clusters by t-test 
we have obtained a significance level less than 0.05. 
Similar low value levels were obtained by comparing 
the second and third clusters, the second and the fourth 
one. Consequently, the values within the clusters are 
rather different, that is, the null hypothesis of the 
average equality and dispersions uniformity is rejected, 
which means that cluster 2 is substantially different 
from the selected clusters 1, 3 and 4. The difference 
between the selected groups is also confirmed by the 
correlation coefficients and standard deviations. The 
third cluster of wheat on the market was formed by 
the fewest number of agricultural enterprises - 560 
units from 4 regions of Ukraine - Ivano-Frankivsk, 
Chernivtsi, Vinnytsia and Transcarpathia. 


Wheat 



Fig. 1. Dendrogram of agglomerative hierarchical clustering for 
the price of 1 ton of wheat as per agricultural enterprises 
of Ukraine in 2013 

Source: State Statistics Committee of Ukraine and the author's 
calculations (by form N- SO agr ) 

It should be noted that the average price is 
1402.9 UAH. /t, while the smallest difference in prices 
is 145.9 USD. (10.4% of average). 
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Fig. 2. Diagram of prices per 1 ton of wheat 

Source: the author's calculations (as to form N Q SO-agr) 

After the comparison of the third cluster average 
with other existing ones using t-test, a high level of 
significance (p <0,02) of cluster 2 and 3 has been 
found out, which shows heterogeneity of wheat market 
in the selected groups and high values of p- index in 
comparison with clusters 1 and 3, 3 and 4, that proves 
the similarities between them. 

The last, the fourth cluster includes 1,420 
agricultural enterprises of Volyn, Lviv, Rivne, 
Poltava, Sumy, Khmelnytsky and Ternopil regions, 
the average price there was 1391.3 UAH. /t. The 
observed difference between the average of the 
fourth and the second clusters by t-criterion 
has a significance level p = 0,005, confirming 
the differences in market conditions formation 
according to the price in these groups. 

Close connection between the selected groups 
has been established by calculating the correlation 
coefficients for the average values of prices (Table, l). 

Table 1 


Correlation matrix of interdependencies of average 
values of wheat prices between different clusters 
as per agricultural enterprises of Ukraine in 2013 



Cluster 1 

Cluster 2 

Cluster 3 

Cluster 4 

Cluster 1 

1,000 




Cluster 2 

0,953 

1,000 



Cluster 3 

0,813 

0,779 

1,000 


Cluster 4 

0,861 

0,825 

0,785 

1,000 


Source : the author's calculations (as to form N Q SO-agr) 


The data given in the table indicate a close relationship 
between the selected clusters, as the lowest value of the 
correlation coefficient is 0.779 for cluster 3 and cluster 
4, while the highest value 0.953 has been received 
between the first and the second group. This gives 
grounds to assert the existence of the wheat market with 
a highly competitive price, the closer the relationship, 
the higher the competition and the slightest signs of 
price regulation. 
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3. Clustering of agricultural enterprises 
according to the price of corn. 

5034 enterprises received the revenue from the sales 
of corn in 2012 in Ukraine. Based on the market price 
of corn we have allocated five clusters presented in the 
dendrogram (fig. 3). 

Thus, the cluster includes 1 690 companies in four 
regions - AR Crimea, Transcarpathian, Vinnytsia 
and Cherkasy with average price of 1350.7 UAH./t. 
Difference in prices within the selected group is about 
15.2% of the level, i.e. 206.1 UAH. In pair comparison 
of the first cluster with the second by t-test a value of 
significance level has been determined which indicates 
the similarity of the two selected groups. Subsequent 
comparison of the first cluster with the third, fourth and 
fifth, on the contrary, confirmed the differences between 
them, as the level of significance of p <0.05. 
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Fig. 3. Dendrogram of hierarchical agglomerative clustering 
for the price of 1 ton of corn as per agricultural enterprises in 
Ukraine in 2013 

Source: State Statistics Committee of Ukraine and the author’s 
calculations (as to form N s SO-agr) 


In the second cluster of enterprises of Ivano- 
Frankivsk, Volyn, Ternopil, Zhytomyr, Chernihiv, 
Kirovograd, Donetsk, Sumy, Rivne, Zaporizhzhia, 
Luhansk and Mykolaiv regions formed at the price of 
2069 UAH (41% of total) difference in prices is within 
189 UAH., which is 14% of the average price level equal 
to 1339.8 UAH. (figure 3). 

Checkup by the t-test to identify differences between 
the average value of two clusters indicates differences in 
groups 2 and 3, 2 and 4, and 2 and 5, i.e. the significance 
level is less 0.05. 

The third cluster is characterized by the lowest height 
of the rectangle, which is the smallest divergence 
in prices. This indicates that the corn market in 
agricultural enterprises of Dnipropetrovsk, Kherson, 
Kyiv, Khmelnytsky, Lviv and Chernivtsi regions is more 
developed with a high level of competition among 
buyers. It consists of 1,087 agricultural enterprises, i.e. 
22% of the total number. Therefore, differences in the 
prices which they offer to producers are minimal. The 


Corn 



average level of prices in the cluster is 1399.2 UAH and 
the scale of standard error is average of 155.6 UAH 
(11% of the price). 

The fourth cluster includes 820 enterprises in Poltava 
and Kharkiv regions that sold corn at an average price 
of 1424.6 UAH/t at a standard deviation of 261.3 
UAH, i.e. 18% of the price level. Conducted t-analysis 
has confirmed the high level of significance, except for 
links between the third and fourth clusters, where p = 
0.09. This is evidence of differences between the groups 
and it confirms possible overregulation of the market 
and the state intervention in market mechanisms in the 
formation of prices on the market of corn grain prices. 
Odessa region was allocated into a separate fifth cluster, 
which has record highest sale price for sunflower seeds 
with their average of 1558.1 UAH. / t. In this case 
difference in prices is significant, 27% of the average 
prices, in absolute terms it is 418.9 UAH. 
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Fig. 4. Diagram of prices per 1 ton of corn 

Source: the author's calculations (as to form N Q SO-agr) 


To establish a connection between the selected 
clusters we have calculated the correlation between 
their average values (table 2). 

High values of correlation coefficients ranging from 
0.7 to 1.0, observed between clusters 1 and 3, 4 and 3, 
3 and 5 and 4 and 5 is evidence of the close relationship 
between the groups, moreover, a strong link exists 
between 4 and 3-0.911 and 1 and 3 clusters - 0.822, 
while groups 1 and 4 are less associated. 

Table 2 


Correlation matrix of interdependencies of average 
price values of corn between different clusters 
as per agricultural enterprises ofUkraine in 2013 



Cluster 1 

Cluster 2 

Cluster 3 

Cluster 4 

Cluster 5 

Cluster 1 

1,000 





Cluster 2 

0,202 

1,000 




Cluster 3 

0,822 

0,634 

1,000 



Cluster 4 

0,662 

0,564 

0,911 

1,000 


Cluster 5 

0,609 

0,465 

0,776 

0,752 

1,000 


Source: the author's calculations (as to form N Q SO-agr) 
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A weak link has been established between cluster 
1 and 2, where the correlation coefficient is 0.202. 
A moderate link can be seen between 1 and 5, 3 and 
2, 4 and 2, 5 and 2, indicating the differences in the 
formation of these groups. 

4. Clustering of agricultural enterprises 
according to the price of sunflower seeds 

Similar dendrograms have been constructed for 
other types of products. Let us consider the grouping 
scheme according to the price of sunflower seeds in 
detail (figure 5). 

Analyzing the price situation in the market of 
sunflower seeds in Ukraine, 3 clusters have been 
allocated among 6124 agricultural enterprises that 
received income from their sale; the first cluster is the 
largest, comprising 2,446 enterprises from 14 regions 
of Ukraine, while the second includes 3364 enterprises 
from 10 regions, the third - 314 enterprises of Kyiv 
region only. Diagram 6 shows identical in size rectangles 
of first and second clusters. 


Sunflower 



Euclidean distance 


Fig. 5. Dendrogram of agglomerative hierarchical clustering 
according to the price of It of sunflower seeds in Ukraine 
agricultural enterprises of Ukraine in 2013 

Source: State Statistics Committee of Ukraine and the author's 
calculations (as to form N g SO-agr) 

According to the calculations, the difference in 
the standard deviation is insignificant - in absolute 
values standard deviation of 1 cluster is 318.8 UAH, 
the second - 323.7 UAH, whereas in % ratio both 
calculations show 9.5% of the average price . 

Apart from minor differences in the prices, the first 
cluster has the lowest average price of 3360.6 UAH. / 
t, which is 2% lower than in the second cluster and 18% 
lower than in the third. It includes enterprises in Crimea, 
Ivano-Frankivsk, Vinnytsia, Ternopil, Zhytomyr, 
Sumy, Kherson, Volyn, Rivne, Transcarpathian, Lviv, 
Odesa, Kharkiv and Cherkasy regions. In this case the 
t-criterion in pair comparison reveals a low level of 
significance between the first and the second, the first 
and the third clusters, which is evidence of nonuniform 
price situation in these groups, confirming the validity 
of this distribution. 
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Fig. 6. The scope of prices of 1 ton of sunflower seed 

Source: the author's calculations (as to form N g SO-agr) 

The average price of the second cluster is 
3409.2 UAH / t, standard deviation is 9.5% of the 
average price. According to t-test low significant level 
between clusters 2 and 3 have been revealed, which also 
confirms the validity payments in the allocated groups. 

The third cluster includes only Kyiv region, due to the 
higher limit of the standard error of 11 % of the average 
price value compared with the previous two groups. 
Data verification for the distress correlation between 
the selected clusters (Table. 3) has confirmed the strong 
link between the second and the third clusters. 

Table 3 

Correlation matrix of interdependencies 
of average price values of sunflower seeds between 
different clusters as per agricultural enterprises 
of Ukraine in 2013 



Cluster 1 

Cluster 2 

Cluster 3 

Cluster 

1,000 



Cluster 2 

0,744 

1,000 


Cluster 3 

0,750 

0,871 

1,000 


Source: the author's calculations (as to form N Q SO-agr) 


The correlation coefficient between them is 0.871, 
while between the first and the second clusters it is 
slightly weaker, correlation coefficient is 0.744, and there 
is a connection between the first and the third cluster - 
0.750. Thus, the difference between the selected clusters 
has been confirmed. 

5. Conclusions 

While studying the price fluctuations in agricultural 
enterprises of the regions of Ukraine during 2013, 
similar character of absolute and relative changes in 
the formed clusters is established. Research of these 
clusters in terms of substantial differences between 
them using a T-test comparing averages in the two 
groups has shown that the most significant differences 
in wheat were noted between clusters 2 (Zhytomyr, 
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Zaporizhzhia, Kirovohrad, Cherkasy region) and 
cluster 3 (Ivano-Frankivsk, Chernivtsi, Vinnytsia, 
Transcarpathian), on grain corn - between cluster 3 
(Dnipropetrovsk, Kherson, Kyiv, Khmelnytsky, Lviv 
and Chernivtsi regions) and cluster 5 (Odessa region). 
The established differences on the selected clusters 
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CBeTJiaHa CTPAnHYK 

BblflBJlEHME 3AKOHOMEPHOCTEI/I QOPMI/IPOBAHI/lfl KOhTblOHKTyPbl BHYTPEHHErO 
PbIHKA nPOflyKUMM PACTEHI/IEBOflCTBA 

AHHOTapua. L(e/ibio cmambu ABnaeTcn BbiaBJiem/ie Ha pbiHKe npoflyxpMM pacieHi/ieBOflCTBa cenbcxo- 
x03Hi/iCTBeHHbix npeflnpMATMM K/iacTepoB no peHe c onpepeneHMeM b hmx aMnnMTyflbi peHOBbix Kone6aHMM. 
MemoduKa. 1/lccneflOBaHMe ocHOBaHO Ha rpynnnpoBKe CTaTMCTMtecKMX paHHbix cenbCK0X03fli/iCTBeHHbix 
npe,qnpMBTMM c ncnonb30BaHweM KnacTepHoro aHa/u/i3a c nocneflyioLflMM opeHMBaHMeM flOCTOBepHOCTM 
3HateHi/iM BbifleneHHbix K/iacTepoB no t-KpnTepi/uo m nocTpoeHweM pnarpaMM pa3Maxa no BbifleneHHbiM 
K/iacTepaM. KnaciepHbiM aHani/i3 cenbCK0X03Hi/iCTBeHHbix npeflnpMHTMM YitpaMHbi no peHe 6bmo ocymecTBneHO 
noMombK) nporpaMMbi "STATISTICA". BenMHMHy paccTOAHMH Meatfly itnaciepaMM paccHi/iTbiBani/i itait 3BitnMflOBa 
paccTOAHwe. OfiteicroM MCcneflOBaHMfl CTanM paHHbie no peHaM Ha cenbCK0X03fli/iCTBeHHbix npeflnpMHTMnx no 
o6nacTBM YitpaMHbi 3a 2013 r. B pe3ynbTaTe 6bino nonyneHO cooTBeTCTByioLflee KOJii/mecTBO rpynn no BMflaM 
npoflyKpi/ii/i no o6nacmM YitpaMHbi b nnocitocTM pbiHOHHbix peH. Ilpopecc nocneflOBaienbHoro o6'beflMHeHMH 
o6teKTOB b KnacTepbi noKa3aHbi Ha rpacjiMitax b BMfle fleHflporpaMMbi arnoMepaTMBHOi/i KnacTepn3api/iM 
peraoHOB YitpaMHbi pna Taxi/ix bmaob npoflyitflMM itait nweHi/ipa, Kyitypy3a Ha 3epHO m noflconHetHMK. 
B penoM o6cnepoBaHO no b bipaLpi/iBa hi/iki nweHMflbi - 7311 npeflnpMATMM, no BbipaiflMBaHMio Kyitypy3bi - 
5034 npeflnpMBTMM m no BbipaLflMBaHMio noflconHetHMita - 6124 npeflnpMATMa. Pe3y/ibmambi. Bo Bpeivifl 
1/iccnepoBaHna peHOBbix Kone6aHMM no cenbcitoxo3flMCTBeHHbix npeflnpMaTMHX o6nacTei/i YitpaMHbi b TeteHi/ie 
ropa 6bmo yciaHOBneHO cxoactbo xapaitTepa a6coniOTHbix m OTHOCMTenbHbix i/i3/vieHeHi/ii7i no cc))opMnpoBaHHbiM 
K/iacTepaM. Bbmo BbipeneHO no nweHi/ipe ueTbipe K/iacTepa, no ityitypy3e - nmb, no noflconHenHMity - Tpi/i 
KtiacTepa. 1/lccneflOBaHMe BbipeneHHbix rpynn noflTBepatflaeT HanMHMe cyiflecTBeHHbix pa3nMHMM Meatfly hmmm m 
no3BOJineT npeflnpMHTMHM KiiacTepa, rfle BbicoKan Bapi/ian/iBHOCTb peHbi, crpoi/iTb co6cTBeHHyio MapKen/iHroByio 
CTpaieri/uo Ha ocHOBe no3i/ipi/in oatMflaHMfl m noi/icxa Bapi/iaHTOB peajii/i3apnn no Han6onee 6naronpMHTHOM 
peHe. flpaKimuNecKoe 3Ha i -teHue. Pa3ni/iHi/ia no BbifleneHHbiM KnacrepaM flaiOT B03MoatHOCTb cnporH03i/ipoBaTb 
peHOByio ci/uyapmo b pa3ni/iHHbix peri/iOHax YitpaMHbi c tohkm 3peHwn ee ottimhmm ot cpeflHMX no itnaciepaM no 
KaatflOMy BMfly npoflyitflMM. CooTBeTCTBeHHO bto flacT B03MoatHOCTb KOHKpeTHbiM npon3BOflMTennM onpeflennTb 
MapKeTMHroByio CTpaiemio OTHOci/iTenbHO cjiopMMpoBaHMfl peHbi b flaHHOM pemoHe no KaatflOMy BMfly 
npoflyKpMM. 3HCMeHue/opu3UHcmbHOcmb. nonyteHHbie flaHHbie no rpynnaM BbipaLflMBaHMfl KynbTyp no3BonnioT 
Bbi6patb MapKeTMHroBbie ctpaTerMM oatMflaHMn mum 6bicipoi/i peanM3apMM no cnoatMBLUMMCfl peHaM. 
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